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 Lambs infected with Haemonchus
contortus and treated with selenium
and copper.
 H. contortus generate reactive species,
causing damage to cells and organic
tissues.
 Lambs supplemented selenium
reduced the oxidative stress caused
by H. contortus.
 Lambs supplemented with copper
had increased body weight.
 Supplementation of selenium and
copper may help the control of H.
contortus.g r a p h i c a l a b s t r a c ta r t i c l e i n f o
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Trace elementa b s t r a c t
The aim of this study was to evaluate the effects of selenium and copper on oxidative stress and its per-
formance in lambs experimentally infected with Haemonchus contortus. Twenty-eight ﬁve-months old
lambs were experimentally infected by the oral route with 5000 third-stage infective larvae and allocated
into four groups, i.e., untreated animals, animals treated intramuscularly with sodium selenite
(0.2 mg kg1), animals treated subcutaneously with copper (3.5 mg kg1), and animals treated with
sodium selenite (IM; 0.2 mg kg1) and copper (SC; 3.5 mg kg1). These animals received oat hay (Avena
sativa) and commercial concentrate, totaling 15% of crude protein, 30% being derived from oat hay and
70% of the concentrate. Lipid peroxidation, antioxidant enzymes, eggs per gram of feces (EPG) and body
weight were assessed on the day of infection and after 20, 40, 60 and 80 days post-infection. The number
of H. contortus adults was assessed at the end of the experiment. The selenium associated or not with cop-
per reduced the effects of oxidative stress caused by infection. The groups supplemented with copper had
increased body weight, and the combination of these two minerals reduced the EPG and number of H.
contortus adults in lambs. The use of selenium associated with copper may help the control of infection
by H. contortus.
 2014 Elsevier Inc. All rights reserved.
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The gastrointestinal parasite Haemonchus contortus is the main
cause of economic losses in small ruminant production in areas of
temperate and tropical climates (Bambou et al., 2011; Miller et al.,
2012; Sutherland et al., 2010). Chemoprophylaxis is the most
efﬁcientmethod to prevent severe losses caused by nematode infec-
tions, but this induces the emergence of populations that are greatly
resistant to anthelmintics (Papadopoulos et al., 2012). This phenom-
enon (i.e., anthelmintic resistance) has been reported in gastrointes-
tinal nematodes worldwide (Kaplan and Vidyashankar, 2012).
Recently, studies have been conducted to develop alternativemeth-
ods, such as the oral administration of minerals like copper oxide
wire particles (Burke et al., 2004; Soli et al., 2010), to reduce the
use of these drugs in the control of gastrointestinal nematodes.
The response of the host against H. contortus infection is not
passive; it reacts to the presence of parasites by generating poten-
tially destructive factors (Woodbury et al., 1984), such as reactive
species, which cause damage to the nematode but promote oxida-
tive stress. When there is an exacerbated production of reactive
species and the organism is unable to remove them, the oxidative
stress occurs causing damage to various cells and organic tissues
(Rosenfeldt et al., 2013).
Reactive species cause oxidative stress due to their oxidant
properties. The main reactive species linked to this phenomenon
are the superoxide anion radical (O2), the hydroxyl radical (OH),
hydrogen peroxide (H2O2), nitric oxide and peroxynitrite (Sorg,
2004). The production of reactive species by the phagocytes (mac-
rophages, eosinophils, neutrophils) of the host is one defensive
mechanism to expel the parasites (Kotze, 2003), however, this
mechanism may cause serious damage to the health of the animal
due to the immunosuppression caused by the intense oxidative
process. It is known that reactive species can be neutralized by
an elaborate antioxidant defense system. The enzymatic defenses
are mainly represented by the enzymes catalase (CAT), superoxide
dismutase (SOD), glutathione peroxidase (GPx) and glutathione
reductase, and the non-enzymatic defenses by reduced glutathione
and vitamins A, C and E (Rosenfeldt et al., 2013; Sorg, 2004).
The GPx is part of the chain reaction that catalyzes the formation
of prostaglandins, leukotrienes, prostacyclins and thromboxanes
(Leal et al., 2010; Stadtman, 1990), and is related to the normal func-
tioning of the immune system (Hurley and Doane, 1989). The pres-
ence of selenium in the structure of GPx indicates a high correlation
between selenium concentration in blood and the activity of this
enzyme. Conversely, the selenium deﬁciency reduces the activity
of GPx, leaving the cell exposed to the harmful effects of reactive
species (Miller et al., 1993), and causing changes in the structure
of lipids, proteins, polysaccharides, DNA and other cellular macro-
molecules (Hefnawy and Tórtora-Pérez, 2010). Therefore, the
selenium is closely involved in the adequate functioning of the
immune system (Leal et al., 2010; Rooke et al., 2004), regulating
the induction of pro-inﬂammatory cells, aswell as the cell-mediated
and humoral immune response, and phagocyte function, that
decreases oxidative cell production (McClure, 2008).
Copper is an essential trace element for the maintenance of sev-
eral biological processes, such as energy metabolism, iron homeo-
stasis and antioxidant protection mechanisms through the activity
of copper/zinc superoxide dismutase (CuZnSOD). The synthesis of
this metalloenzyme is induced by the presence of copper and zinc
in the organism (Whittaker, 2010). Considering its involvement in
the oxidation mechanism, the CuZnSOD deﬁciency may impair
organic defenses (Huang et al., 2012; Muller et al., 2006). There-
fore, an adequate intake of copper and zinc is important to ensure
the proper functioning of organic defense mechanisms against
infectious diseases and oxidative stress.This study is based on the hypothesis that oxidative stress,
which occurs in response to infection by H. contortus, causes dam-
age and tissue lesions, resulting in the reduction of the immune
response and productivity of lambs. The supplementation of these
animals with copper and selenium parenterally could help to
maintain the integrity of the cellular membranes that are suscep-
tible to this damage, improving the immunocompetence and
responsiveness of the host, and assisting the control of H. contortus.
Therefore, the aim of this study was to evaluate the effects of sele-
nium and copper on oxidative stress and to determine its perfor-
mance in lambs experimentally infected with H. contortus.
2. Material and methods
2.1. Animals
In this study 28 crossbred (CorriedaleTexel) male lambs of
similar age (ﬁve months old) were used. The animals were kept
in holding pens (one experimental group per pen), located in a cov-
ered shed of the Teaching Veterinary Hospital of the Universidade
Federal de Santa Maria (UFSM) for a period of 40 days. The diet of
all animals was composed of oat hay (Avena sativa) and commer-
cial concentrate (Supra Lã 14–Supra), totaling 15% of crude pro-
tein (30% oat hay and 70% concentrate). This mixture was
released in collective troughs three times per day. During this per-
iod, the animals received anthelmintic treatment (two doses at an
interval of 15 days) with a combination of closantel and albenda-
zole (Closalben, Ceva Santé Animale, Paulínia, São Paulo, Brazil).
The copper and selenium present in the diet provided for the ani-
mals was determined at the Chemical Analyses Laboratory of the
UFSM, and the values were below the normal limit (i.e., deﬁcient).
2.2. Experimental groups
After the adaptation period, all animals were experimentally
infected with third-stage infective larvae of H. contortus, and the
groups were established based on body weight: Group I –
untreated animals (n = 7); Group II – animals treated with sodium
selenite (n = 7); Group III – animals treated with copper (n = 7);
Group IV – animals treated with sodium selenite and copper
(n = 7).
2.3. Experimental infection
H. contortus larvae, obtained by the O’Sullivan and Roberts tech-
nique (Van Wyk et al., 2004), were used to infect the animals. The
procedure of infection was performed as described by Rowe et al.
(2008) with some modiﬁcations. For a period of 20 days, 500
third-stage infective larvae (L3) in 5 ml of saline solution were
administered orally to the lambs every two days, totaling 5000 lar-
vae at the end of period of the infection (i.e., 20 days). The ﬁrst day
of infection was designated as day 0 (D0).
2.4. Treatments
The lambs were treated intramuscularly (IM) with sodium
selenite at a dose of 0.2 mg kg1 (Merck Brazil, Jacarepaguá, RJ,
Brazil). The copper (copper lactobionate 5.5 mg/ml, copper gluco-
nate 3.1 mg/mL, and copper octadecanoate 0.98 mg/ml) was
administered subcutaneously (SC) at a dose of 3.5 mg kg1 (Cupr-
hormone; Agroinsumos Laboratories, Buenos Aires, Argentina).
Sodium selenite supplementation was administered 20 days before
D0 and repeated on D0, since according to the literature, the sele-
nium reaches peak blood level within 60 days of administration
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and 30 days later (D30), since it reaches the peak blood level earlier
(Eisler, 2007). This physiologic difference in the metabolism of
mineral elements was the reason for the different treatment proto-
cols herein adopted.
2.5. Sampling
Blood samples were collected by jugular venipuncture using
Vacutainer tubes containing heparin (Becton, Dickinson and Com-
pany, San Jose-CA, USA) on D0, and 20, 40, 60 and 80 days (D20,
D40, D60 and D80, respectively) post-infection. After collection,
blood samples were centrifuged processed and the plasma stored
at 80 C for later analysis. At the same time, the whole blood
was used for the measurement of packed cell volume (PCV). Fecal
samples were collected on the same days. The animals were
weighed in the morning after fasting for 8 h. Three animals from
each group were euthanized on D80 through the administration
of thiopental (1 g), followed by potassium chloride (100 mL) and
the whole abomasum collected for mature H. contortus recovery.
All procedures were approved by the Ethics and Animal
Research Committee from the Universidade Federal de Santa Maria
(protocol number 82/2009).
2.6. Lipid peroxidation and antioxidant enzymes assay
Lipid peroxidation was determined by measuring thiobarbituric
acid reactive species (TBARS) in blood plasma (Ohkawa et al.,
1979). GPx was measured based on the reduction of dithio-nitro-
benzene in plasma (Hu et al., 1988), and the activity was expressed
in international units per milliliter of blood. Catalase activity was
measured in plasma through the technique described by Aebi
(1984).
2.7. Laboratorial procedures
The number of eggs per gram (EPG) was determined using the
McMaster technique with a sensitivity of 100 EPG (Coles et al.,
2006). The number of H. contortus adults was determined accord-
ing to the classical technique described by Ueno and Gonçalves
(1998). The microhematocrit technique was used to determine
the PCV. The animals were weighed using a digital scale.
2.8. Statistical analysis
The data was ﬁrst subjected to a normality test (Kolmogorov–
Smirnov). For normally distributed data (catalase, TBARS, GPx
and weight) and log transformed (log10 X + 1.5) non-normally
distributed data (EPG, number of H. contortus adults), a repeated
measures ANOVA was conducted, followed by comparison of
means by Tuke’s test. The level of signiﬁcance was P < 0.05.
3. Results
On D40, the TBARS values were detected only for lambs supple-
mented with selenium (group II) with 494.2 ± 30.5 Mda/g Hb
(mean ± standard error), higher (p = 0.001) in relation to those
exhibited by the animals of group IV (269.8 ± 38.5 Mda/g Hb). Dif-
ferently, on D60 higher TBARS values were detected in all groups.
At the end of the experimental period (D80) groups II and IV had
reduced TBARS values (280.5 ± 61.3 Mda/g Hb and 331.1 ±
83.6 Mda/g Hb, respectively) in relation to groups I (426.8 ± 34.4)
and III (420.6 ± 61.3) (Fig. 1A).
The activity of GPx was higher in group II in relation to group I
on D0 and D20. On the last day of the experiment (D80), the GPxlevels in group II and IV were 77.8 ± 5.6 and 78.7 ± 9.4 mU/mL of
blood respectively, higher (p < 0.05) than in groups I (51.7 ± 10.5)
and III (35.6 ± 8.1) (Fig. 1B).
Until D60, the catalase value did not differ (p > 0.05) among
groups. However, on D80 the group III showed an increase
(30.0 ± 4.7 lmol H2O2/lg protein/min) in relation to group I
(19.9 ± 1.4 lmol H2O2/lg protein/min) (P < 0.05; Fig. 1C).
The daily weight gain was greater in lambs supplemented with
copper (group III) and copper plus selenium (group IV) in relation
to groups I and II (P < 0.05; Fig. 2A). The total weight gain was
7.3 ± 0.5 kg in group IV, in group III was 7.4 ± 0.6 kg, and in groups
II and I were 5.2 ± 0.5 kg and 4.8 ± 0.5 kg, respectively (Fig. 2B).
The mean PCV was 28, 29, 32 and 31 on D0 for groups I, II, III
and IV, respectively. On D80, the PCV was 29 for groups I and II,
and 30 for groups III and IV. The values did not differ (p > 0.05)
among groups throughout the study (Fig. 3A).
EPG was higher for all groups on D20, D40, D60 and D80, in
comparison to D0. The D80 mean values were 7028.5, 4671.4,
6257.1 and 3542.8 in groups I, II, III and IV, respectively. Group
IV EPG was lower on D80 in relation the other groups (P < 0.05;
Fig. 3B).
The number of H. contortus adults decreased in group IV in rela-
tion to the other groups (P < 0.05), with mean values in groups I, II,
III and IV of 567.3, 526.6, 430 and 346, respectively (Fig. 3C).4. Discussion
Higher lipid peroxidation was observed after 40 days of para-
sitic infection (D40; Fig. 1A). Lipid peroxidation is considered a
hallmark of oxidative stress, in which reactive species interact with
polyunsaturated fatty acids, leading to the formation of lipid prod-
ucts such as malondialdehyde and 4-hydroxynonenal (Argüelles
et al., 2006; Halliwell and Chirico, 1993). The production of
reactive species by phagocytes performs an important role in the
attempt to control the parasitic infection by damaging lipids, pro-
teins and nucleic acids of the parasites (Kotze, 2003). But during
this event, reactive oxygen species (ROS) also cause severe damage
to the host organism (Bagnall and Kotze, 2004; Menzies et al.,
2010). This justiﬁes higher lipid peroxidation on D40 (Fig. 1A),
since at this time a high EPG was detected (Fig. 3B), suggesting a
high parasite load and thus tissue damage, without effect on sup-
plemented trace elements.
However, at D80 the selenium supplementation reduced the
lipid peroxidation, since groups II and IV showed low TBARS values
in relation to groups I and III (Fig. 1A). Selenium is involved in dif-
ferent physiological functions in mammals (Bi et al., 2013). This
mineral is able to expel reactive species from organism by increas-
ing GPx enzyme activity, which is an enzyme that depends on the
selenium in the blood for its synthesis (Ferguson et al., 2012).
Evidenced in our research, due to the fact that GPx activity is
greater in lambs of groups supplemented with selenium (groups
II and IV) in relation to lambs not supplemented, and supple-
mented with copper alone (Groups I and III, respectively) on D80
(Fig. 1B). GPx is an enzyme which prevents tissue damage due to
a reactive species; it converts the hydrogen peroxide (H2O2) into
water and molecular oxygen, as catalase (Rosenfeldt et al., 2013).
On D80 the catalase activity was high in lambs of group III in
relations to group I (Fig. 1C). This difference probably occurred
because copper is an integral part of superoxide dismutase and
its levels are directly related to enzyme activity which converts
superoxide anions into H2O2 (Gaetke and Chow, 2003; Rosenfeldt
et al., 2013). As a result of the higher production of H2O2, there is
a depletion of GPx, causing this increased activity.
In this study, lambs supplemented only with copper (group III)
and those supplemented with copper plus selenium (group IV),
Fig. 1. Oxidative and antioxidant proﬁle of lambs experimentally infected with H. contortus and treated with selenium and copper. Lipid peroxidation for TBARS (A), activity
of glutathione peroxidase (B) and activity of catalase (C). ⁄Group II differs from Group IV; ⁄⁄Group II and group IV differ from group I and Group III; ⁄⁄⁄Group II differs from
group I; ⁄⁄⁄⁄Group I differs from Group III. All differences are signiﬁcant at P < 0.05.
Fig. 2. Productive parameters of lambs experimentally infected with H. contortus and treated with selenium and copper. Daily weight gain (A) and weight gain (B). Different
letters indicates signiﬁcant difference at P < 0.05.
Fig. 3. Parameters of lambs experimentally infected with H. contortus and treated with selenium and copper. Packed cell volume (A) Trichostrongylidea eggs per fecal gram
(B) and parasite load (C). ⁄Indicates signiﬁcant difference of Group IV from other groups at P < 0.05.
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PCV values were not difference (p > 0.05) between groups (Fig. 3A),
which characterize tolerance by the animal to the experimental
infection with H. contortus. This ﬁnding is different from that pre-
viously reported by Galindo-Barboza et al. (2011), who did not
detect difference in body weight in lambs experimentally infected
with H. contortus, supplemented or not with copper.
It is known also that selenium and copper are key elements in
immunity and production of ruminants. The role of selenium is
of particular relevance especially in selenium deﬁcient areas.
Animals raised in these areas are more susceptible to diseases
and infections (Ferguson et al., 2012). Copper deﬁciency causes loss
of production, characterized by decreased weight gain and
increased incidence of disease (Herdt and Hoff, 2011).
The increase in EPG observed from D0 indicated the success of
the experimental infection with H. contortus. An important result
found was that an EPG reduction happened in lambs of group IV
in relation to other groups. Like those of the study where lambs
were supplemented with two, four and six grams of copper oxidewire particles (COWPs) and presented a signiﬁcant EPG reduction
in relation to the untreated group (Burke et al., 2004). The study
of Soli et al. (2010), also detected an EPG reduction of 94% in
treated lambs with two grams of COWPs.
The number of H. contortus adults was lower in group IV lambs
in relation to the other groups, with a difference of 61% when com-
pared to group I. This ﬁnding provides evidence of the effect of cop-
per in the control of H. contortus, where a negative correlation
between copper concentration in the host and worm burden was
observed (Galindo-Barboza et al., 2011).
The study of oxidative stress is relatively recent and is an active
ﬁeld of research in ruminant medicine. Compared to human med-
icine, only a limited number of conditions have been investigated
in regards to the effects of oxidative stress on ruminants. In our
study, an effect of selenium and copper is evident in oxidative
and productive parameters, showing that selenium has an effect
on the oxidative proﬁle, reducing lipids oxidation in lambs exper-
imentally infected with H. contortus. The simultaneous use of both
minerals reduce the EPG and number of H. contortus adults in
Marta Lizandra do Rêgo Leal et al. / Experimental Parasitology 144 (2014) 39–43 43lambs and improve daily weight gain and is therefore effective in
supporting control of this nematode.
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